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Is the 3100 keV line a doublet ?
Does the 2411 keV state exist ?
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J!.1;56 R: 2TS 2 < < .FP56





































































Q!.1;56 R: 2TS 2 2 < .1;56


































































































































































































0!. < 6 R: 2TS 25;!: .FJ56


















Q!.FJ56 R: 2TS 2ﬀ:1N!.FN56
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J!.1;56 R: 2TS 2ﬀ:ﬃ2ﬀ.1;56










































Q!.FN56 R: 2TS 2UJKN!.FJ56

















P!.1;56 R: 2TS 2ﬀ:ﬃ2ﬀ.1;56







































Q!.FN56 R: 2TS 25;KJ!.FJ56











< .FN56 R: 2TS 2ﬀ: : .1;56





















































Eg=RI/BRk I/OP?RI+I/OPB-BVU H_I/?RI/HW=ﬁA MI/<>B APYRI/OPM$#[<>= I/OPB-fP<>B M>B AJIC]P?RI/? ?G=hﬁBTVbﬀ-
SjB&





GB U ?ﬁ\PM>B`HWA I/OPB^fP<>B M>B AJIBVfGB <>H5B AJINI/OPB^OPHWYﬁOPB MITfG=ﬁHWAJI#[=ﬁ<lI/OPB fPOP=RI/=ﬁA ;\[U ?ﬁDWHP<>?RI/HW=ﬁA
HWM ?RI,* S6)RB& b <g=BﬃhﬁB < kV?MI/<>=ﬁAPYi]PBﬃh HW?RI/HW=ﬁA?ﬁDW<>B ?ﬁ]1$-SS2ﬂ8SSD)RB& ?G=hﬁB I/OPHWM fG=ﬁHWAJI
M>B B75M^\PAP<>B ?ﬁM>=ﬁAP?PDWBRbC B75?ﬁ<() MI/=QI/OPB HW]PB AJI/HﬀA;U ?RI/HW=ﬁA =# M>=5B MI/?RI/B M^?ﬁ<>B YﬁH_hﬁB A HWAI/OPB
#[=ﬁDWDW= HWAPYPb
ﬁﬀﬂﬀﬃ! #"%$
c OPB ?ﬁAPYﬁ\PDW?ﬁ< ]PHWMI/<>HP\VI/HW=ﬁA<>?RI/HW=#[=ﬁ< I/OPHWMgAPB Dﬀ]PHWM>U =hﬁB <>B ] MI/?RI/B#[?hﬁ=ﬁ<>MgM>fPHWATH'&  k



























c OPB%$Oﬂ<>?5?RIN-PLSLSLX)RB& ?ﬁMd=PM>B <hﬁB ]$#[=ﬁ<`I/OPB=A;<>MIdI/H5BgHWA5I/OPB fP<>B M>B AJI BVfGB <>H5B AJIk
M>OP= HWAPY ?ﬁA ?ﬁAPYﬁ\PDW?ﬁ< ]PHWMI/<>HP\VI/HW=ﬁA <>?RI/HW=-HWAF?ﬁYﬁ<>B B75B AJIV H_I/O ? H &L-?ﬁM>M>HWYﬁA 5B AJIb
c OPB <>B#[=ﬁ<>BRkNH_IQHWM DWHWMI/B ] ?ﬁMI/OPBBVU H_I/?RI/HW=ﬁA B APB <>Y-=#`?+MI/?RI/B ?RI I/OP?RIQB APB <>Yﬁb EgBﬃhﬁB <Bﬂ
I/OPB DWB M>M k I/OPBgB APB <>Y5HWML
 
6)RB& GB DW= I/OPBg<>?RI/OPB <`MI/<>=ﬁAPYS3-BVU H_I/?RI/HW=ﬁA5?RI
	
*X)RB&
?ﬁAP]\5?%GB ?X]PB U ? =#I/OP?RIMI/?RI/BiI/=XI/OPB>$OﬂﬁP?ﬁAP]lbFAjI/OP?RI U ?ﬁM>B ?e<>?RI/OPB <gHWM>=RI/<>=ﬁfPHWU
?ﬁAPYﬁ\PDW?ﬁ<?ﬁAPYﬁ\PDW?ﬁ<]PHWMI/<>HP\VI/HW=ﬁA?=ﬁ\PDW]$GBQBVfGB UﬃI/B ]lk  OPHWU O+HWMd?ﬁDWM>=HWA+?ﬁYﬁ<>B B75B AJI' H_I/O
]P?RI/?Pb c OPB5=ﬁAPDﬀ ?-I/=]PBﬃI/B <(5HWAPB I/OPB fPDW?ﬁU B75B AJI=# $Oﬂ I/<>?ﬁAPM>H_I/HW=ﬁA \PAP?MPHWYﬁ\P=ﬁ\PM>Dﬀ




	   #"%$

fGB ?)C?RIM-* 1-M)RB& OP?ﬁMNGB B A-HW]PB AJI/HﬀA;B ] ?ﬁM ?e]P=ﬁ\ PDWBﬃINGB U ?ﬁ\PM>B=# H_I/MfGB ?)% HW]VI/Olk
I/OP?RIHWM^U =ﬁAPM>HW]PB <>?PDﬀ DW?ﬁ<>YﬁB < I/OP?ﬁA5I/OP?RI=#N=RI/OPB <`fGB ?) MHWA5I/OPBg<>B YﬁHW=ﬁAlb

M>M>\ 5HWAPYiI/OP?RI






?RI L)RB& k;I/OPBP<>?ﬁAPU OPHWAPY5<>?RI/HW=ﬁM ]PB ]P\PU B ] #[<>= I/OPBQI/OP<>B BiHWAP]PB fGB AP]PB AJIM>fGB UﬃI/<>?X?ﬁ<>B
HWAPU =ﬁAPM>HWMI/B AJIb$^ BﬃI>I/HWAPYI/OPB fGB ?)\ HW]VI/O
I/=C?CU ?ﬁDWHP<>?RI/B ]-h ?ﬁDW\PB ?ﬁAP]TAPI>I/HWAPYC?CM>B U =ﬁAP]
fGB ?)<>B M>\PD_I/M`HWAIﬁ= DWHWAPB M^?RI`B APB <>YﬁHWB M`=#-* S6)RB& ?ﬁAP] -* 6)RB& b c OPB-* SX)RB&@API/M
B DWD I/= I/OPB BVfGB UﬃI/B ]US
	
+)RB&"I/=L+)RB&"I/<>?ﬁAPM>H_I/HW=ﬁAlbc OPBV-* +)RB& DWHWAPBHWMd?ﬁD5=ﬁMI




<>=@I/OPHWMg?XM>fPHWA4H!&  U ?ﬁA\GB ?ﬁM>M>\ 5B ]lbgc OPHWMg]P?RI/?;API/M
B DWDI/=+I/OPB) AP= A 
1
MI/?RI/B ?RI I/OP?RIB APB <>Y-HWA Za
 
ﬁk  OPHWU O H_IQHWM OPB APU B HW]PB AJI/HﬀA;B ]
 H_I/Olb












c OPB#$OﬂDWHWAPBQ?RINﬃ. L*)RB&_=ﬁ\PDW]C\PM>\P?ﬁDWDﬀ$GBHW]PB AJI/HﬀA;B ]% H_I/OI/OPBiM>HWAPYﬁDWBQB M>U ?ﬁfGB =#I/OPB
**S")RB&ﬁ$OﬂDWHWAPBRb EgBﬃhﬁB <I/OPB DWB M>M kH_IN?ﬁMi?ﬁDWM>=+=PM>B <hﬁB ]LHWA-I/OPB DW='ﬂB APB <>Y\5B ?ﬁM>\P<>Bﬂ






fP<>=h HW]PB ]M>?RI/HWM8#[?ﬁUﬃI/=ﬁ<8 MI/?RI/HWMI/HWU M b c OPBdI/B AJI/?RI/H_hﬁBd?ﬁM>M>HWYﬁA 5B AJI,H)& - HWMYﬁH_hﬁB A






0Q? $Oﬂ I/<>?ﬁAPM>H_I/HW=ﬁA ?RI  





1: ..0<^B&Nlb c OPHWM8$OﬂDWHWAPB?ﬁM AP=RI =PM>B <hﬁB ]CHWAXI/OPB fP<>B M>B AJI BVfGB <>H!ﬂ
5B AJIk[ OPB <>B I/OPB M>B APM>H_I/H_h H_Iﬁ5DWH5H_I?ﬁM ]PBA;APH_I/B Dﬀ5DW= B AP=ﬁ\PYﬁOlb c O \PM k;? $Oﬂ I/<>?ﬁAPM>H_I/HW=ﬁA
?RID 




c OPHWMDWHWAPB\?ﬁMjHW]PB AJI/HﬀA;B ]@GB U ?ﬁ\PM>B =# I/OPB ?ﬁM8[;5BﬃI/<8 =# I/OPB fGB ?) ?RIYS
 
* )RB& b
























]PHWMI/<>HP\VI/HW=ﬁA+<>?RI/HW=HWM MI/HWDWD HWA$#[?hﬁ=ﬁ< =#KH)& -ﬁb









h ?ﬁDW\PB M =# I/OPB M>BMI/?RI/B Mg]P= AP=RIg?ﬁDWDW= ?ﬁA\PAP?MPHWYﬁ\P=ﬁ\PMJ ﬂ?ﬁM>M>HWYﬁA 5B AJI ?ﬁAP]




















?ﬁAP]3J & - ?ﬁM>M>\ 5B ]lk  OPHWU O HWMQAP=RIU =ﬁA1A;<(5B ]4
 I/OPB fP<>B M>B AJI




01J ﬂﬁ5H!VHWAPY?ﬁMfP<>=ﬁfG=ﬁM>B ] =ﬁAPDﬀ6#[=ﬁ<TI/OPB N-dBVU H_I/?RI/HW=ﬁAPM
?ﬁ<>=ﬁ\PAP]\ b
 





7@/2A / %14- 5
c OPBN)RBX=PM>B <h ?RI/HW=ﬁAeHWA5I/OPB6^ I/\VI>I/Yﬁ?ﬁ<I EDC






M>OP= HWAPY fP?ﬁ<I/M =# I/OPBQM>fGB UﬃI/<>? I/?)RB AC?RI= b * SjB&"?ﬁAP]?RI=Vb
 
SjB& B AP]PfG=ﬁHWAJI B APB <>Yﬁk






6)RB& k[P\VIO>ﬀ HWA I/OPBDVb
 
SjB& BVfGB <>H5B AJIbﬂﬁdI b *iSjB& B AP]PfG=ﬁHWAJI`B APB <>Y
I/OPB
]PHW] AP=RIi?ﬁfPfGB ?ﬁ< bXEg=RI/B I/OP?RIi?ﬁDWD=RI/OPB <fGB ?) Mh HWM>HPDWBHWA




?ﬁ<>BCHW]PB AJI/HﬀA;B ]lb c OPBC=ﬁAPDﬀ I/<>?ﬁAPM>H_I/HW=ﬁAPMI/OP?RI5?ﬁ<>BAP=RIXfPDW?ﬁU B ] ?ﬁ<>B?RI5I/OPB
#[=ﬁ\P< YﬁH_hﬁB A B APB <>YﬁHWB M b-c OPBefGB ?) ?RIVﬃ. -2%)RB& HWMI/OPBeM(5?ﬁDWDWB MI =# ?ﬁDWD#[=ﬁ\P< kP\VIU ?ﬁA
GB HW]PB AJI/HﬀA;B ] HWA ?ﬁDWDNI/OPBiI/OP<>B B ]PBﬃI/B UﬃI/=ﬁ<>M klM>=5B H_I/O DW?ﬁ<>YﬁBiB <><>=ﬁ<>MHWAjI/OPB fGB ?)C?ﬁ<>B ?ﬁM





CM>HWAPYﬁDWBB M>U ?ﬁfGB DWHWAPB M k  OPB <>B ?ﬁMI/OPBiDW?ﬁ<>YﬁB MIgfGB ?)
=# ?ﬁDWD^HWMiI/OP?RI ?RIV Y)RB& b

<>= I/OPB"5B ?ﬁM>\P<>B ] HWAJI/B APM>H_I/HWB M H_I HWM ?ﬁM>M>\P<>B ] I/OP?RI ?ﬁDWD
#[=ﬁ\P< fGB ?) MN=ﬁ\PDW]-OP?hﬁB?ﬁfPfGB ?ﬁ<>B ]
HWAjI/OPB; b *eSjB& M>fGB UﬃI/<>\  Hﬀ# I/OPB U =ﬁ<><>B M>fG=ﬁAP]PB ]




HWA5I/OPBU ?ﬁM>B =#lI/OPB6 )RB& $Oﬂ<>?Y:)M>B B

HWYﬁ\P<>B=.PbR<&bA@\VId?RI`I/OPBD5?ﬁ<()RB ]eB APB <>YﬁHWB MdHWA
I/OPB+ b * SjB& M>fGB UﬃI/<>\ 9AP=RI/OPHWAPYP\VI=P?ﬁU ) Yﬁ<>=ﬁ\PAP]jHWMdI/=VGBM>B B Alb
F IHWMgU =ﬁAPU DW\P]PB ]jI/OP?RI I/OPB#[=ﬁ\P< =PM>B <hﬁB ]'$Oﬂ<>? MMI/B7 #[<>=9BVU H_I/B ]jMI/?RI/B M?G=hﬁB
?ﬁA BVU H_I/?RI/HW=ﬁA B APB <>Y
=# b *CSjB& kT?ﬁAP]LOPB APU BX?ﬁ<>B AP=CYﬁ<>=ﬁ\PAP]LMI/?RI/B5]PB U ? M b

<>=










;)RB& HWM?ﬁM]PB U ? MN#[<>=9BVU H_I/B ]-]PHWfG=ﬁDWBMI/?RI/B M ?RI







D)RB& b c OPB MI/?RI/B B75H_I>I/HWAPY
I/OPB ?)RB&$Oﬂ<>?CM>OP=ﬁ\PDW]jI/OPB A\GB I/OPB M>=?#[?ﬁ<=ﬁAPDﬀfP<>B M>\ 5B ]-MI/?RI/B ?RI61-SS;)RB& b
<g=BﬃhﬁB < ki? ]PHW<>B UﬃIY5B ?ﬁM>\P<>B75B AJIj=# I/OPB Yﬁ<>=ﬁ\PAP] MI/?RI/B ]PB U ? =# M>\PU O ? MI/?RI/B HWM
5HWM>M>HWAPYPk;I/OP?RI==ﬁ\PDW]YA;AP?ﬁDWDﬀ+U =ﬁAPM>=ﬁDWHW]P?RI/B?eMI/?RI/B ?RIgI/OP?RIB APB <>Yﬁb gM>HWAPYXU =ﬁAJI/HWA \P=ﬁ\PM
P<>B75M>MI/<>?ﬁOPDW\PAPYPkNH_IQHWM H5fG=ﬁM>M>HPDWBiI/==PM>B <hﬁB5?+MI/?RI/B ?RIX1-SS")RB& k GB U ?ﬁ\PM>B ?RIQI/OPB




MI/?RI/BQh HW?5? 1-SS)RB& $Oﬂ<>?ﬁb









<&k  OPHWU OjHWM">\PMI?G=ﬁ\VI I/OPBh ?ﬁDW\PB=#SVb
	
BVfGB UﬃI/B ]\#[=ﬁ< ? J &Z-iMI/?RI/BRbFQ# ?5U =ﬁAPM>HW]PB <>?PDWBifP?ﬁ<Ig=#I/OPB fGB ?)+?ﬁ<>B ?5?RIN1-SSV)RB&














































NRF @ 3.6 MeV






 ﬃﬁ  $%   





 >*? )?	     $	* )& *) 
































?ﬁ<>B6#[\PDﬀA;DWDWB ]?#[=ﬁ< ?ﬁDWD I/OPB=RI/OPB <X-
1
MI/?RI/B Mg=PM>B <hﬁB ]lb`c OPB <>B#[=ﬁ<>BRk =ﬁAPBU ?ﬁAC?ﬁM>M>\ 5BQI/OP?RI
=ﬁAPDﬀ5?M(5?ﬁDWD fG=ﬁ<I/HW=ﬁAX=#TI/OPB61-SS+)RB&"fGB ?)5?ﬁ<>B ? HWMd]P\PBI/= ?ﬁA+BVU H_I/B ]MI/?RI/B ?RII/OP?RI







MI/?RI/B Md?ﬁ<>B MI/<>=ﬁAPYPb c OPB M>BQU =ﬁAPM>HW]PB <>?RI/HW=ﬁAPMdDWB ]XI/= ?M>\ PM>B7E \PB AJI
BVfGB <>H5B AJI^?RI I/OPB <=FH$^Gk OPHWU O5HWMM>\  ">B UﬃI=#GI/OPB APB I`M>B UﬃI/HW=ﬁAlk
GB#[=ﬁ<>B ]P<>? HWAPY6A;AP?ﬁD













 ﬃ  "!$#&%('*)+,%.-0/21435%6/214)387
ﬁdIQI/OPBM#[<>B BB DWB UﬃI/<>=ﬁA
DW?ﬁM>B < DW?G=ﬁ<>?RI/=ﬁ<8C?RI
 




?RIIﬁ=GGB ? B APB <>YﬁHWB M kX1-SS )RB& ?ﬁAP] 1-PL )RB& kg<>B M>fGB UﬃI/H_hﬁB Dﬀﬁb
 
\P<>HWAPY . ]P? M
]P?RI/?I?ﬁM?ﬁU U \  \PDW?RI/B ]`#[=ﬁ<+?G=ﬁ\VIY* OP=ﬁ\P<>M?RI 1-SS )RB& GB ? B APB <>Yﬁk ?ﬁAP] --
OP=ﬁ\P<>M ?RId?GB ? B APB <>Ye=# 1-PL+)RB& k;<>B M>fGB UﬃI/H_hﬁB DﬀﬁbFA%GBﬃIﬁB B AI/OPB <>BN?ﬁMdI/H5B#[=ﬁ<
B APB <>Y ?ﬁAP]-B5U HWB APU U ?ﬁDWHP<>?RI/HW=ﬁAPMg?ﬁAP]-]PHW<>B UﬃI65B ?ﬁM>\P<>B75B AJI/MQ=# I/OPBGB ? B APB <>Yﬁb
@B U ?ﬁ\PM>B+I/OPBefPOP=RI/=ﬁA ;\[ ?RI(<=FH$^ HWM ?G=ﬁ\VI$-ﬂ8C=ﬁ<>]PB <>M =#=5?ﬁYﬁAPH_I/\P]PBXDW=B < I/OP?ﬁA
?RI=^ I/\VI>I/Yﬁ?ﬁ<IkV?ﬁU U =ﬁ<>]PHWAPYﬁDﬀ?5=ﬁ<>BgI/?ﬁ<>YﬁBﬃI5?RI/B <>HW?ﬁD HWMdAPB B ]PB ]CHWA+=ﬁ<>]PB <I/=Yﬁ?ﬁHWA+B AP=ﬁ\PYﬁO
MI/?RI/HWMI/HWU M b c OPBQIﬁ fPHWU ?ﬁD B HWYﬁOJIg=#?I/?ﬁ<>YﬁBﬃI HWMd?G=ﬁ\VI
	
S2ﬂ -SS YPk P\VI AP= DW?ﬁ<>YﬁBQ?5=ﬁ\PAJI
=# HWM>=RI/=ﬁfPHWU ?ﬁDWDﬀLB AP<>HWU OPB ] ZQP
 







B <>B \PM>B ]lkNI/=ﬁYﬁBﬃI/OPB <N H_I/O I/OPBB AP<>HWU OPB ]45?RI/B <>HW?ﬁD #[<>= I/OPB







?ﬁMeU =ﬁAJI/?ﬁHWAPB ] HWA ? fPDW?ﬁMI/HWUU DWHWAP]PB < kdI/OPBjB AP<>HWU OPB ]`5?RI/B <>HW?ﬁD'?ﬁM
fPDW?ﬁU B ]X=ﬁA I/OPB=#[<>=ﬁAJI`=#lI/OP?RI`U DWHWAP]PB < bFAX?ﬁ]P]PH_I/HW=ﬁAI/=iI/OPBgM>BﬃI/\Pfe]PB M>U <>HGB ]eHWA5M>B UﬃI/HW=ﬁA
 bﬀ-ﬁb ??ﬁDWDWM =#DWB ?ﬁ]UP<>HWU ) MNB <>B5HWAPMI/?ﬁDWDWB ]jHWAU#[<>=ﬁAJIQ=#?ﬁAP]TGB OPHWAP] I/OPB]PBﬃI/B UﬃI/=ﬁ<>M k HWA
=ﬁ<>]PB < I/= M>\PfPfP<>B M>MDP?ﬁU ) Yﬁ<>=ﬁ\PAP]C<>?ﬁ]PHW?RI/HW=ﬁAlb
 <;  %(72>3</27 1 / ﬀ ﬃ	
B%
c OPHWM'?ﬁM I/OPBNA;<>MI I/H5BI/OP?RI ?5EDC

BVfGB <>H5B AJIg?RI=FH$^??ﬁMgfGB <8#[=ﬁ<(5B ]$ H_I/O+I/OPB
?ﬁH =#M>B ?ﬁ<>U OPHWAPY#[=ﬁ<d]PB U ? Mg=#BVU H_I/B ]MI/?RI/B M I/= DW=B < Dﬀ HWAPY BVU H_I/B ]CMI/?RI/B M bKFAI/OPB
5B ?ﬁM>\P<>B75B AJIV H_I/O ?TGB ? B APB <>Y =#N1-SS\)RB& $Oﬂ<>? M ?RI;1-SS\)RB& kKS
SL\)RB& k




M>OP= M I/OPB+<>B YﬁHW=ﬁAPM =#gHWAJI/B <>B MI=#
I/OPBeM>fGB UﬃI/<>\ Cb

<>= I/OPBe?ﬁfPfGB ?ﬁ<>?ﬁAPU Be=#dI/OPBeM(5?ﬁDWD^fGB ?) M ?RIV1-SS )RB&9?ﬁAP] S
SL




GB U ?ﬁ\PM>B HWALZ
2
 
 ?+MI/?RI/B ?RIXS**")RB& HWMN) AP= AT#[<>=  Sj?ﬁ<9*
	
kN?ﬁDWM>=+]PB U ? HWAPYh HW?
?$S
SLV)RB& I/<>?ﬁAPM>H_I/HW=ﬁACI/=XI/OPBA;<>MIQBVU H_I/B ]-MI/?RI/BRbQEgBﬃhﬁB <I/OPB DWB M>M kNI/OPB $Oﬂ<>?C?RIX
)RB& MI/B75M #[<>= ZQP
 
L?ﬁAP] HWM Bﬃh HW]PB AJI HWALI/OPB+M>fGB UﬃI/<>?Pb
 
\PBXI/= I/OPBeM(5?ﬁDWD`B APB <>Y





)RB& kGI/OPHWMg]PB U ?  \PMI MI/B7 #[<>=
?CMI/?RI/B ?ﬁ<>=ﬁ\PAP]31-SS")RB& b c OPB =ﬁAPDﬀ-fG=ﬁM>M>HPHWDWH_Iﬁ%#[=ﬁ<fPDW?ﬁU HWAPYeI/OPHWM I/<>?ﬁAPM>H_I/HW=ﬁA-HWA
I/OPB

































































































































































c OPB fP<>=ﬁM>fGB UﬃIK#[<>= I/OPB fP<>Bﬃh HW=ﬁ\PM^EDC

BVfGB <>H5B AJIkﬁI/OP?RII/OPB Yﬁ<>=ﬁ\PAP]MI/?RI/B ]PB U ?
=#^I/OPHWM APB Dﬀ ]PHWM>U =hﬁB <>B ] MI/?RI/BM>OP=ﬁ\PDW]UGBM(5?ﬁDWDkGOP?ﬁMNGB B A ? 5<(5B ]lk I/= =Pb ﬁ M(5?ﬁDWD
]PB U ? P<>?ﬁAPU O I/=LI/OPBjYﬁ<>=ﬁ\PAP] MI/?RI/BRkP\VIeMI/<>=ﬁAPY ]PB U ? M+I/=LDW=B <BﬂDﬀ HWAPYI
1
MI/?RI/B M
?ﬁMQ=PM>B <hﬁB ]LHWAjI/OPB BVfGB <>H5B AJIQ?RIQI/OPBFQ# ^T^ I/\VI>I/Yﬁ?ﬁ<IQ?ﬁ<>B Iﬁ fPHWU ?ﬁD #[=ﬁ< ?$E \P?ﬁ]P<>\PfG=ﬁDWB
BVU H_I/B ] MI/?RI/BRbgc OPB <>B#[=ﬁ<>BRk HWAI/OPB#[=ﬁDWDW= HWAPYPkPM>fPHWA ?ﬁAP]jfP?ﬁ<>H_IﬁY
1
?ﬁ<>BiI/B AJI/?RI/H_hﬁB Dﬀ?ﬁMBﬂ
M>HWYﬁAPB ] #[=ﬁ< I/OP?RI MI/?RI/BRb ﬁAF=Jh HW=ﬁ\PM>Dﬀ B ?) BVU H_I/?RI/HW=ﬁAFMI/<>B APYRI/O =#gI/OPB 1-SSU)RB&






MI/?RI/B MiH5fPDﬀ ?CM>OP=ﬁ<IiDWHﬀ#[BﬃI/H5B =#I/OPB5MI/?RI/BRb5K OPHWDWB I/OPB5B <><>=ﬁ<>M?ﬁ<>B;E \PH_I/B DW?ﬁ<>YﬁBRkNI/OPB







<&bgK OPHWDWBiI/OPHWMgh ?ﬁDW\PB ]P= B MQAP=RI ?ﬁDWDW= ?+U DWB ?ﬁ<?ﬁM>M>HWYﬁA[ﬂ
5B AJI=#N?M \PD_I/HWfG=ﬁDWB'5H!VHWAPY<>?RI/HW=9E k H_I<>B MI/<>HWUﬃI/M`I/= B H_I/OPB <`?ﬁD5=ﬁMI`fP\P<>B S3-MI/<>B APYRI/O
 H_I/OefG=ﬁM>M>HPDWBM(5?ﬁDWD*N, ?ﬁ] 5H! I/\P<>B M k =ﬁ<d]P=5HWAP?ﬁAJI0N,iMI/<>B APYRI/O$ H_I/Oe=ﬁAPDﬀ5M(5?ﬁDWDGS3-
?ﬁ] 5H! I/\P<>B M":)U =5fP?ﬁ<>B

HWYﬁ\P<>B?.PbML<&b c OPBe]PB U ? M I/= I/OPBXDW=B <BﬂDﬀ HWAPYU
1
MI/?RI/B M ?ﬁ<>B
?ﬁM>M>\ 5B ] I/= OP?hﬁB ]P=5HWAP?ﬁAJIS3-dU OP?ﬁ<>?ﬁUﬃI/B < k
GB U ?ﬁ\PM>BdB I/<>?ﬁ=ﬁ<>]PHWAP?ﬁ<8iMI/<>=ﬁAPYN,g]PB U ? M
?ﬁ<>B\PAPDWH)RB Dﬀ\:)]P\PBI/=I/OPBM>OP=ﬁ<IgDWHﬀ#[BﬃI/H5B<&b



















































































































































































































































 ﬁﬀﬂ ﬃ  
"!
ﬃ$#




<>= ? U =MPHWAP?RI/HW=ﬁA =# I/OPB EDC

]P?RI/?FI/?)RB A ?RI\^ I/\VI>I/Yﬁ?ﬁ<IC?ﬁAP](' \ )RB =ﬁAPB U ?ﬁA
B MI/H5?RI/B I/OPBgDWHﬀ#[BﬃI/H5Bd=# I/OPBMI/?RI/Bg?RI,1-SSX)RB& b c OPBD5? ">=ﬁ<^fP<>=PDWB7 HWM^I/OPBgU =ﬁAJI/?ﬂ
HWAP?RI/HW=ﬁAU#[<>= Z*)ﬁ'D
HWA
I/OPB"1-SS )RB&@DWHWAPBRbeK H_I/OP=ﬁ\VI ?ﬁA
4) AP= DWB ]PYﬁBX=ﬁA I/OPBXU <>=ﬁM>M
M>B UﬃI/HW=ﬁAPMg=#G=RI/OC]PB U ? M ?RID1-SSV)RB& H_IgHWM AP=RIgfG=ﬁM>M>HPDWBQI/=5M>B fP?ﬁ<>?RI/BiI/OPBiDWHWAPB M b

=ﬁ<Bﬂ
I/\PAP?RI/B Dﬀﬁk I/OPB=B DWD ) AP= A%1--26)RB&W-
1
MI/?RI/BHWAeZQP'D5HWM`?ﬁDWM>= BVU H_I/B ]e]P\PBgI/OPB=A;APH_I/B
B APB <>Y M>fP<>B ?ﬁ] =# I/OPB"GB ?CkM>OP= AFHWA

HWYﬁ\P<>B?.Pb Vb-Eg=RI/BRkI/OP?RI I/OPHWM GB ? fP<>=A;DWB
?ﬁMQI/?)RB A4 H_I/O
<>B ]P\PU B ]3GB ? ?ﬁAP]
]P\P<>HWAPY+I/OPB BVfGB <>H5B AJIQI/OPB M>fP<>B ?ﬁ] M>OP=ﬁ\PDW]4GB
M>=5B OP?RI DW?ﬁ<>YﬁB < bCEgBﬃhﬁB <I/OPB DWB M>M k OPHWDWB I/OPBXMI/?RI/BX?RIM1-PL )RB& ?ﬁM =Jh HW=ﬁ\PM>Dﬀ
AP=RI
BVU H_I/B ]lkRI/OPBdMI/?RI/B?RI1--2)RB& DWHWB M U DW=ﬁM>B`I/=I/OPB,GB ? 5?ﬃVH \ Cb+' \PB`I/=I/OPB') AP= A
HWAJI/B Yﬁ<>?RI/B ]5fPOP=RI/=ﬁA5M>U ?RI>I/B <>HWAPY U <>=ﬁM>M`M>B UﬃI/HW=ﬁAPMK#[=ﬁ< I/OPBA$Oﬂ<>? M`?RI,1--2N)RB& #[<>= ZQP'D
: -,*. / & **  : 
	
<`B& P?ﬁ<>AlkPI/OPHWM=ﬁ<()1<&k ?ﬁAP]C?RI=1-SS)RB& #[<>= Z*)ﬁ'DU: -,*. / &   :8-2<
B& P?ﬁ<>Alk  Sj?ﬁ<9*
	
<&k^H_IHWM fG=ﬁM>M>HPDWBXI/=
M>B fP?ﬁ<>?RI/BeI/OPBeIﬁ= fGB ?) M ?RIV1-SS\)RB& b c ?)ﬂ
HWAPYeHWAJI/=e?ﬁU U =ﬁ\PAJIQI/OPB <>B DW?RI/H_hﬁB ?5=ﬁ\PAJIQ=#Z*)
.
ZQP'DCHWA I/OPB I/?ﬁ<>YﬁBﬃIkGI/OPB) AP= A
U <>=ﬁM>M
M>B UﬃI/HW=ﬁAPM kd?ﬁAP]FI/OPBC?ﬁAPYﬁ\PDW?ﬁ<U =ﬁ<><>B DW?RI/HW=ﬁA h ?ﬁDW\PB M#[=ﬁ<I/OPBM>fGB U HﬀA;UCM>fPHWA U ?ﬁM>U ?ﬁ]PB M kdI/OPB
#[<>?ﬁUﬃI/HW=ﬁAj=# I/OPB ?ﬁ<>B ?e=# I/OPBM1-SS?)RB& fGB ?) k I/OP?RI MI/B75MD#[<>=
Z*)
'Dﬁk U ?ﬁA\GB U ?ﬁDWU \[ﬂ
DW?RI/B ]Y#[=ﬁ< I/OPB M>\  M>fGB UﬃI/<>?+=# I/OPB OP=ﬁ<>HKJ =ﬁAJI/?ﬁD =ﬁ<?ﬁDWDT]PBﬃI/B UﬃI/=ﬁ<>M b

=ﬁ< I/OPHWMU ?ﬁDWU \PDW?RI/HW=ﬁA
I/OPB <>?RI/HW=6GBﬃIﬁB B AXI/OPB fPOP=RI/=ﬁA10;\[VB M`?RI5G=RI/O B APB <>YﬁHWB M^fPDW? M^?<>=ﬁDWB ?ﬁAP] HWM^B MI/H5?RI/B ]










: 1--2< &@S *
 b
c OPB <>B#[<>=CklI/OPBU =ﬁAJI/?5HWAP?RI/HW=ﬁAPM=#[<>= Z*)ﬁ'DCI/=eI/OPBV1-SS")RB& DWHWAPB U ?ﬁATGB U =ﬁ<Bﬂ





























Yﬁ<>=ﬁ\PAP] MI/?RI/BXI/<>?ﬁAPM>H_I/HW=ﬁA =# I/OPBX?ﬁM>M>\ 5B ] 
1
MI/?RI/BeHWA ZQP'D HWA I/OPBeM>fGB UﬃI/<>?-=# I/OPB









<>= I/OPBM>\  M>fGB UﬃI/<>\  =ﬁAPBYﬁBﬃI/M?MP<>?ﬁAPU OPHWAPY <>?RI/HW=X#[=ﬁ<`I/OPB











  : .0<&b
c OPB HWAJI/B Yﬁ<>?RI/B ] U <>=ﬁM>MeM>B UﬃI/HW=ﬁA =#QI/OPBU4)RB& ]PB U ? OP?ﬁM?GB B A`5B ?ﬁM>\P<>B ] HWA
^ I/\VI>I/Yﬁ?ﬁ<I I/=VGB -,*.
ﬃ































































 =FH$^X]P?RI/?PkV<>B M>\PD_I/HWAPY HWA
Q
/ & .
S  : 












Eg=RI/BRkNI/OP?RIQI/OPB <>B DW?RI/H_hﬁB B <><>=ﬁ<HWMQDW?ﬁ<>YﬁB ]P\PBI/=DW= MI/?RI/HWMI/HWU MQ?ﬁAP]-I/OPBB ?)-Yﬁ<>=ﬁ\PAP]
MI/?RI/B I/<>?ﬁAPM>H_I/HW=ﬁA+=#TI/OPBX1-SSM)RB& MI/?RI/BRb ﬁM>M>\ 5fVI/HW=ﬁAPM =ﬁA+I/OPBQM>fPHWA=#TI/OPBMI/?RI/BQ?ﬁAP]
I/OPB \PD_I/HWfG=ﬁDW?ﬁ<>H_I/HWB MT=# H_I/M]PB U ? M5B <>B ?ﬁDWM>=X5?ﬁ]PBRbEgBﬃhﬁB <I/OPB DWB M>M k I/OPB DWHﬀ#[BﬃI/H5B`<>B M>\PD_I8ﬂ
HWAPY#[<>= I/OPB]P?RI/? HWM ?ﬁMI/=ﬁAPHWM>OPHWAPY M(5?ﬁDWDb F I=ﬁ\PDW]AP=RIgU OP?ﬁAPYﬁB?5DW=RI Hﬀ# ?ﬁAP=RI/OPB < M>fPHWA
#[=ﬁ< I/OPB MI/?RI/B?ﬁM ?ﬁM>M>\ 5B ]lbc OPB =PM>B <hﬁB ]-I/<>?ﬁAPM>H_I/HW=ﬁAPM I/=5I/OPB DW=B <BﬂDﬀ HWAPY"
1
MI/?RI/B
OP?hﬁB MI/<>B APYRI/OPMHWAI/OPBi=ﬁ<>]PB <g=#'-la
7
bdc OPBifG=ﬁM>M>HPHWDWH_Iﬁe=#N,I/<>?ﬁAPM>H_I/HW=ﬁAPM U ?ﬁAPAP=RIDGB
BVU DW\P]PB ]lk ?ﬁAP]I/OPBMI/<>B APYRI/OPM=ﬁ\PDW] GBHWAeI/OPB=ﬁ<>]PB < =#S -SS K"b \lb
c OPB -
1






<?RII/OPBDFQ# ^Gb c OPB fP<>= U B ]P\P<>B]PB M>U <>HGB ]+?G=hﬁB DWB ?ﬁ]PM^I/= ? U =ﬁ<><>B UﬃI/HW=ﬁAX=#
I/OPHWMh ?ﬁDW\PBRbic OPHWMQU =ﬁ<><>B UﬃI/HW=ﬁA-HWM M(5?ﬁDWDk GB U ?ﬁ\PM>B H_I HWM ?ﬁM>M>\P<>B ]
I/OP?RI I/OPB5?ﬁHWA fP?ﬁ<IQ=#





]PB U ?ﬁb^c OPB





 ﬁﬀ  %(72>3</27 1 / ﬀ ﬃ4ﬀ B%
FACI/OPB+5B ?ﬁM>\P<>B75B AJI= H_I/Oj? GB ?9B APB <>Yj=#1-PLV)RB& I/OPBP<>?ﬁAPU OPHWAPYX<>?RI/HW=5=#I/OPB
MI/?RI/B?RIdI/OP?RI B APB <>YeI/=I/OPB
1
Z
MI/?RI/BOP?ﬁMGB B AC]PBﬃI/B <(5HWAPB ]]PHW<>B UﬃI/Dﬀﬁb ﬁ U =ﬁAJI/?5HWAP?ﬃﬂ
I/HW=ﬁA-I/=+I/OPB5fGB ?) ?RI1-SS$)RB& #[<>= I/OPB ]PB U ?-I/=I/OPB?
1
Z
MI/?RI/B U ?ﬁA4GB APB YﬁDWB UﬃI/B ]lb
c OPB fPOP=RI/=ﬁA0;\[
?RI I/OPHWM B APB <>Y\?ﬁMQ?G=ﬁ\VIQ?ﬁA
=ﬁ<>]PB < =#,5?ﬁYﬁAPH_I/\P]PB DW=B < I/OP?ﬁA-?RI
1-PL)RB& kG?ﬁAP]I/OPBiYﬁ<>=ﬁ\PAP]CMI/?RI/Bi]PB U ?%P<>?ﬁAPU Oj=#I/OPBiMI/?RI/B?RID1-SS)RB& HWM) AP= A
I/=TGB+M(5?ﬁDWDb
c OPB]PB U ?IP<>?ﬁAPU OPHWAPY
<>?RI/HW= HWM 
!#"
& S . -
:
	
<&k^HWA Yﬁ= = ] ?ﬁYﬁ<>B B75B AJI


























































































































































































































S** S**Vb  :
	
< :Q< : 





























































































































AP=RI =PM>B <hﬁB ] ]P\PBQI/=I/OPBOPHWYﬁO=5fVI/=ﬁA%P?ﬁU ) Yﬁ<>=ﬁ\PAP]j?RIDﬃ. --X)RB& b
FAF?ﬁ]P]PH_I/HW=ﬁA I/= I/OPB]PBﬃI/B <(5HWAP?RI/HW=ﬁA =#DP<>?ﬁAPU OPHWAPY
<>?RI/HW=ﬁM I/=
DW=B <BﬂDﬀ HWAPY MI/?RI/B M k`I/OPB
5B ?ﬁM>\P<>B75B AJI/Mi?RI+G=RI/O B APB <>YﬁHWB MiYﬁ?hﬁBX\PAP?MPHWYﬁ\P=ﬁ\PMU =ﬁA1A;<(5?RI/HW=ﬁAPMQ=#I/OPB5fP?ﬁ<>H_I/HWB M
=#PI/OPBd]PHWfG=ﬁDWB^BVU H_I/B ] MI/?RI/B MHWAiI/OPBB APB <>Y <>B YﬁHW=ﬁAlb c = HWDWDW\PMI/<>?RI/BI/OPBd?ﬁAP?ﬁDﬀ J HWAPYgfG=B <
#[=ﬁ<iI/OPBe]PBﬃI/B <(5HWAP?RI/HW=ﬁA =# fP?ﬁ<>H_I/HWB M k

HWYﬁ\P<>B;.Pb *jM>OP= M I/OPBefGB ?) M ?RI1-
 
S )RB& ?ﬁAP]
1-PL?)RB& bNc OPB <>B?ﬁ<>BMI/<>=ﬁAPY+DWHWAPB MHWA I/OPBM>fGB UﬃI/<>\  5B ?ﬁM>\P<>B ]U H_I/O I/OPBOP=ﬁ<>HKJ =ﬁAJI/?ﬁD
]PBﬃI/B UﬃI/=ﬁ<>M k' OPB <>B ?ﬁMXI/OPBjfGB ?) MX?ﬁD5=ﬁMIh ?ﬁAPHWM>O HWAFI/OPBjM>fGB UﬃI/<>\  #[<>= I/OPBChﬁB <I/HWU ?ﬁD
]PBﬃI/B UﬃI/=ﬁ<>M b^c OPHWMdHWM? U DWB ?ﬁ<dHWAP]PHWU ?RI/HW=ﬁAV#[=ﬁ<`I/OPB fG=ﬁM>H_I/H_hﬁBfP?ﬁ<>H_Iﬁ5=#TI/OP=ﬁM>B MI/?RI/B M b^c OPB <>B
?ﬁ<>BMI/HWDWDM>=5BU =ﬁ\PAJI/M5HWA I/OPB+hﬁB <I/HWU ?ﬁD ]PBﬃI/B UﬃI/=ﬁ<>M5]P\PB+I/=
I/OPB$A;APH_I/B=ﬁfGB APHWAPY
?ﬁAPYﬁDWBRb
c OPB <>B#[<>= h ?ﬁDW\PB M =#^I/OPB?ﬁAP?ﬁDﬀ J HWAPYXfG=B <B
VD V
]PBﬃh HW?RI/BM>=5B OP?RIN#[<>= I/OPB HW]PB ?ﬁD
h ?ﬁDW\PBRk1 OPHWU OCHWM6-ﬁb
c OPB HWA1#[=ﬁ<(5?RI/HW=ﬁA #[=ﬁ<Q?ﬁDWD MI/?RI/B M=PM>B <hﬁB ]LHWA-I/OPHWM BVfGB <>H5B AJIHWMQM>\ ;5?ﬁ<>HKJ B ]-HWA
c ?PDWB".PbR b

<>= I/OPB+U =5fP?ﬁ<>HWM>=ﬁA =#gBVfGB <>H5B AJI/?ﬁDd?ﬁAP] I/OPB =ﬁ<>BﬃI/HWU ?ﬁD`h ?ﬁDW\PB M=# I/OPB
?ﬁAP?ﬁDﬀ J HWAPYfG=B < k M>OP= AjHWA




































































































































































MI/?RI/B M bKFAC?ﬁDWDlU ?ﬁM>B M Iﬁ=XM>=ﬁDW\VI/HW=ﬁAPM,#[=ﬁ<eE ?ﬁ<>BQfG=ﬁM>M>HPDWBRb
 








]P?RI/?FYﬁ?RI/OPB <>B ] HWA I/OPB
EDC

BVfGB <>H5B AJI/MC?RIY^ I/\VI>I/Yﬁ?ﬁ<I?ﬁAP] ' \ )RB
I/OPB
#[=ﬁDWDW= HWAPYU =ﬁAPU DW\PM>HW=ﬁAPMi?ﬁ<>B5]P<>? A3#[=ﬁ< ZQP'Dﬁbc OPB <>BXHWMi?jMI/?RI/BX?RIM1-SS%)RB&  OPHWU O
M>OP= M? ]PB U ? GB OP?h HW=ﬁ<iIﬁ fPHWU ?ﬁDK#[=ﬁ< ?T
1







MI/?RI/B M k[ OPHWDWBH_IOP?ﬁMd?+B ?)5I/<>?ﬁAPM>H_I/HW=ﬁA5I/= I/OPB Yﬁ<>=ﬁ\PAP]
MI/?RI/BRbCc OPBX=PM>B <h ?RI/HW=ﬁAL=#dI/OPBX]PB U ?L=#dI/OPHWMiMI/?RI/B5I/=CI/OPB7$OﬂﬁP?ﬁAP]L?RI =FH$^4P?ﬁU ) M










c OPB <>B#[=ﬁ<>BRk I/OPB fP<>Bﬃh HW=ﬁ\PM>Dﬀ ?ﬁM>M>HWYﬁAPB ]a-ﬃ] MI/?RI/Bj?RI%ﬃ. -2T)RB& ]P= B MXAP=RIeBVHWMIb c OPB






?RI%1-PL )RB& HWM$) AP= A ?ﬁM+=ﬁAPBU5?ﬁHWAG#[<>?ﬁY5B AJI+=#I/OPB-M>U HWM>M>=ﬁ<>M
5= ]PBRb^c OPBi=PM>B <h ?RI/HW=ﬁA=#H_I/M ]PB U ?h HW? ?"ﬃ. --X)RB& $Oﬂ<>?+HWM I/OPB6A;<>MIg=PM>B <h ?RI/HW=ﬁA
=#?5M>U HWM>M>=ﬁ<>M=5= ]PBN#[<>?ﬁY5B AJIg]PB U ? HWAPY5I/=I/OPB#$OﬂﬁP?ﬁAP]CHWA%B DWD!ﬂ]PB#[=ﬁ<(5B ]lkP<>=RI/?RI/HW=ﬁAP?ﬁD
A \PU DWB Hb c ?PDWB .Pb  YﬁH_hﬁB M5I/OPBCI/<>?ﬁAPM>H_I/HW=ﬁA MI/<>B APYRI/OPMe=# I/OP=ﬁM>B3-
1
MI/?RI/B M k I/OP?RIXM>OP=


























































































?ﬁAP?ﬁDﬀ I/HWU ?ﬁDRBVfP<>B M>M>HW=ﬁAPM #[<>=  FM>? 
  
?ﬁ<>B^?ﬁDWM>= YﬁH_hﬁB Alb c OPB`fP<>B ]PHWUﬃI/B ] ?PM>=ﬁDW\VI/B MI/<>B APYRI/O
HWMAP=RI^<>B fP<>= ]P\PU B ];
 ?ﬁA
=# I/OPB MI/?RI/B M b g=BﬃhﬁB < k I/OPHWMU ?ﬁAPAP=RIKGB BVfGB UﬃI/B ]lk ?ﬁM B ?ﬁU O
MI/?RI/B5? ?RI5=ﬁMIGB ?#[<>?ﬁY5B AJIN=# I/OPB^U ?ﬁDWU \PDW?RI/B ] M>U HWM>M>=ﬁ<>M 5= ]PBMI/?RI/BRb * APDﬀgI/OPB-
1
MI/?RI/Bd?RI1-PL=)RB& M>OP= M <>B DW?RI/H_hﬁB`I/<>?ﬁAPM>H_I/HW=ﬁAiMI/<>B APYRI/OPM HWAiI/OPB,? I/OPB ?ﬁ<>BBVfGB UﬃI/B ]












MI/?RI/BXHWM ?G=ﬁ\VI?-S <>B DW?RI/H_hﬁB I/=jI/OPBXYﬁ<>=ﬁ\PAP] MI/?RI/BXI/<>?ﬁAPM>H_I/HW=ﬁA MI/<>B APYRI/Olb
c OPHWM5M>\PfPfG=ﬁ<I/M I/OPB?ﬁM>M>HWYﬁA 5B AJIX=#I/OPHWM MI/?RI/B?ﬁM5?45?ﬁHWAI#[<>?ﬁY5B AJI =#I/OPBCM>U HWM>M>=ﬁ<>M
5= ]PBRb

<>= I/OPB HW< ]PB U ?\GB OP?h HW=ﬁ< k I/OPBMI/<>\PUﬃI/\P<>B=#^I/OPB =RI/OPB <-
1
MI/?RI/B M6 \PMIXGB





































































































































   	  ﬁﬀ
c'= DWH5H_I/HWAPYeU ?ﬁM>B M =# U =ﬁDWDWB UﬃI/H_h H_Iﬁ HWALA \PU DWB ?ﬁ<iMI/<>\PUﬃI/\P<>BXOP?hﬁB"GB B ALOPHWYﬁOPDWHWYﬁOJI/B ] HWA
I/OPHWMX=ﬁ<() b9aﬃﬂ < k GB HWAPYjU DW=ﬁM>B I/=CI/OPBX]P=ﬁ\ PDﬀT5?ﬁYﬁHWU M>\ [ﬂM>OPB DWD`U DW=ﬁM>\P<>B5?RI
STS
^ < k ?ﬁM
HWAJhﬁB MI/HWYﬁ?RI/B ]Y
?5fPOP=RI/=ﬁACM>U ?RI>I/B <>HWAPYXBVfGB <>H5B AJIg?RI I/OPBFQ# ^Y^ I/\VI>I/Yﬁ?ﬁ<Ibﬂ' \PBQI/=5I/OPB
M(5?ﬁDWD`A \ MGB <=# h ?ﬁDWB APU BefP?ﬁ<I/HWU DWB M ?ﬁAP] I/OPB+\PAP]PB <>Dﬀ HWAPY M>OPB DWDdMI/<>\PUﬃI/\P<>BRkB9aﬂ < HWM ?
<>B fP<>B M>B AJI/?RI/H_hﬁB5=#K OP?RIiOP?ﬁM6GB B A U ?ﬁDWDWB ] I/OPBDWH5H_I=#KB ?)-U =ﬁDWDWB UﬃI/H_h H_Iﬁﬁb

<>= I/OPHWM




DWHﬀ#[BﬃI/H5BDWB ?ﬁ]PM I/=5?5MI/<>=ﬁAPYXS3-i]PB U ?I/= I/OPBM
1
Z





g=BﬃhﬁB < k U B <I/?ﬁHWA ]PBﬃh HW?RI/HW=ﬁAPM=#[<>= I/OPBfPHWUﬃI/\P<>B =#^?+M8[;5BﬃI/<>HWU =ﬁAPBﬂfPOP=ﬁAP=ﬁA4
1
Z
MI/?RI/B ?ﬁAP] H_I/M=5H!VB ][ﬂM8[;5BﬃI/<>HWUU =ﬁ\PAJI/B <>fP?ﬁ<I OP?hﬁBMGB B A\#[=ﬁ\PAP]j?ﬁAP] BVfPDW?ﬁHWAPB ]\
C?
U DW=ﬁM>BDW= =)5?RI I/OPBM>OPB DWDNMI/<>\PUﬃI/\P<>BRk;I/OP?RI M>\PfPfP<>B M>M>B M fP<>=RI/=ﬁACU =ﬁA1A;Yﬁ\P<>?RI/HW=ﬁAPM HWA+I/OPB+
1
Z
MI/?RI/BRb c OPHWM DWB ?ﬁ]PMiI/= ? M(5?ﬁDWD! 









b ﬁ U =5fP?ﬁ<>HWM>=ﬁAj=# I/OPB EDC

]P?RI/?e?ﬁAP] ]P?RI/? #[<>= M>\ PM>B7E \PB AJI?:).5I/. L $< ?ﬁAP]
:#"$5I $
L
< BVfGB <>H5B AJI/M ?RIgI/OPB gAPH_hﬁB <>M>H_IﬁC=#%$QB AJI/\PU )







k<>B M>fGB UﬃI/H_hﬁB Dﬀﬁk H_I/O M>OPB DWD55= ]PB D`U ?ﬁDWU \PDW?RI/HW=ﬁAPMfGB <8#[=ﬁ<(5B ]4 H_I/OPHWA I/OPHWM=ﬁ<()
?ﬁM 5?ﬁ]PBRb c OPBU ?ﬁDWU \PDW?RI/HW=ﬁAN#[=ﬁ<(9aﬂ <T<>B fP<>= ]P\PU B MI/OPB`DW='ﬂDﬀ HWAPY DWBﬃhﬁB DWM ?ﬁAP]iI/<>?ﬁAPM>H_I/HW=ﬁAPM





MI/?RI/B?ﬁAP]C=RI/OPB < M>OPB DWDTB  B UﬃI/M k5@
EQPRE




ﬁ M>HWYﬁAP?RI/\P<>B =#I/OPHWMD5H!VHWAPY5OP?ﬁM?ﬁDWM>=?GB B AY#[=ﬁ\PAP] HWAjI/OPB




S%ﬂ8 I/OPBiB APOP?ﬁAPU B ]jAPB \VI/<>=ﬁACU =ﬁAJI/B AJI=# I/OPBM
1
Z
MI/?RI/BHWM \PAP]PB <>MI/= = ]
HWA I/B <(5MQ=#)(NﬂM>fPHWAUP<>B ?) HWAPYPbic OPB M>HWYﬁAPHﬀA;U ?ﬁAJI/Dﬀj]PH  B <>B AJIQB APB <>YﬁHWB M=#`fP<>=RI/=ﬁAPMQ?ﬁAP]
APB \VI/<>=ﬁAPM5APB B ]PB ] I/=T#[=ﬁ<( ?+* &  U =ﬁA1A;Yﬁ\P<>?RI/HW=ﬁAlk`?ﬁAP]FI/OPB$B ?) fP<>=RI/=ﬁA[ﬂAPB \VI/<>=ﬁA




S%ﬂ8iI/OPHWMHWM'5= ]PB DWB ]

CU OP= =ﬁM>HWAPY5]PH  B <>B AJI B APB <>YﬁHWB M#[=ﬁ< fP<>=RI/=ﬁAj?ﬁAP]jAPB \VI/<>=ﬁA\G=ﬁM>=ﬁAPM b=^0 MI/B75?RI/HWUiU ?ﬁDWU \[ﬂ
DW?RI/HW=ﬁAPMHWA I/OPBF
 
S%ﬂ8=#[=ﬁ<I/OPHWMU ?ﬁM>B ?ﬁM ?N#[\PAPUﬃI/HW=ﬁA=# I/OPB f[ﬂA HWAJI/B <>?ﬁUﬃI/HW=ﬁA APHWU B Dﬀ <>B fP<>=ﬃﬂ





HWMM>BﬃhﬁB <>B Dﬀ\P<>=)RB AlkN<>B M>\PD_I/HWAPYXHWA ?eM>H_I/\P?RI/HW=ﬁAlk  OPHWU O-HWMgI/OPB M>?5B#[=ﬁ<
9a
ﬂ < b ﬁ DW?ﬁ<>YﬁB <




HWA 9QP&Sj=C?ﬁAP] 9 C \lbc OPHWMQHWM hﬁB <8


























' B M>fPH_I/BXI/OPB M>BM>OPB DWDB  B UﬃI/M k49aﬂ < M>OP= MU =ﬁDWDWB UﬃI/H_hﬁBXU OP?ﬁ<>?ﬁUﬃI/B <>HWMI/HWU M b * APBeHWM I/OPB




?6B ?)RB APHWAPY =#GU =ﬁDWDWB UﬃI/H_h H_Iﬁ <>B M>\PD_I/M^HWA?XP<>B ?) HWAPYi=# (NﬂM>fPHWAlbﬁAP=RI/OPB <^U OP?ﬁ<>?ﬁUﬃI/B <>HWMI/HWU
HWMI/OP?RI fP<>B ]PHWUﬃI/HW=ﬁAPM=#TI/OPBNﬂfPOP=ﬁAP=ﬁAM>U OPB75BQ?ﬁ<>BD#[\PDﬀA;DWDWB ]5I/=?DW?ﬁ<>YﬁBB I/B AJI HWA 9aﬃﬂ < b
c O \PM k I/OPB DW=B MI^Iﬁ=M
1
MI/?RI/B M^OP?hﬁB=GB B A5M>OP= AXAP=RI I/=OP?hﬁBgM8[;5BﬃI/<>HWU =ﬁ<5H!VB ][ﬂ
M8[;5BﬃI/<>HWU U OP?ﬁ<>?ﬁUﬃI/B < k P\VIQI/OPB U ?ﬁA
MI/HWDWD GB]PB M>U <>HGB ]
?ﬁMQ=ﬁAPBﬂﬁE \P?ﬁ]P<>\PfG=ﬁDWBﬂfPOP=ﬁAP=ﬁA






MI/?RI/B MQOP?hﬁBGB B A\#[=ﬁ\PAP] I/=$GB BVOP?ﬁ\PMI/B ]4
j=ﬁAPBﬂfPOP=ﬁAP=ﬁA-U =ﬁA1A;Yﬁ\P<>?RI/HW=ﬁAPM bﬁDW<>B ?ﬁ]1







HWM <>B MI/=ﬁ<>B ]lkT?ﬁAP]-I/OPB M>B MI/?RI/B MM>OP= fP<>=ﬁAP=ﬁ\PAPU B ] M8[;5BﬃI/<>HWU ?ﬁAP]T5H!VB ][ﬂM8[;5BﬃI/<>HWU
U OP?ﬁ<>?ﬁUﬃI/B < kT<>B M>fGB UﬃI/H_hﬁB Dﬀﬁb c OPHWMQHWM I/=%GBM>B B AT#[<>= I/OPB =ﬁ<8-?ﬁAP]
hﬁB <8\B DWD U =ﬁA1A;<(5B ]

eI/OPBB I/B APM>H_hﬁB ]P?RI/? M>BﬃI/M#[=ﬁ<dI/OPHWM A \PU DWB \PM b
ﬁAHWAJI/B <>B MI/HWAPY ?ﬁM>fGB UﬃI#[=ﬁ<5#[\VI/\P<>BN=ﬁ<() M HWM`I/OPBQHWAJhﬁB MI/HWYﬁ?RI/HW=ﬁAe=#TA \PU DWB HlM>H5HWDW?ﬁ<I/=
9aﬂ < k P\VIN H_I/OP=ﬁ\VII/OPBMPDW= U ) HWAPYe=#^? * &ZXfP<>=RI/=ﬁA U =ﬁA1A;Yﬁ\P<>?RI/HW=ﬁA HWAjI/OPB DW=B MI
1
MI/?RI/B ]P\PBdI/= I/OPB M>OPB DWDVMI/<>\PUﬃI/\P<>BRb5^ \PU O5?ﬁAHWAJhﬁB MI/HWYﬁ?RI/HW=ﬁAM5? YﬁH_hﬁB HWAPM>HWYﬁOJIHWAJI/=Q?QM8 MBﬂ
I/B7  H_I/O =ﬁAPB fP<>=RI/=ﬁA?ﬁAP] =ﬁAPB APB \VI/<>=ﬁA;G=ﬁM>=ﬁA HWA?QU ?ﬁM>B OPB <>B (NﬂM>fPHWAHWMAP=RIKP<>=)RB Alb




MI/?RI/B HWA-I/OP?RIU ?ﬁM>BRb gA1#[=ﬁ<I/\PAP?RI/B Dﬀﬁk
U ?ﬁAP]PHW]P?RI/B M#[=ﬁ< M>\PU O MI/\P]PHWB M?ﬁ<>BYﬁB APB <>?ﬁDWDﬀ+AP=RIgB ?ﬁM8I/=X?ﬁU U B M>MBVfGB <>H5B AJI/?ﬁDWDﬀﬁk@
EQPRE
k
?ﬁMgI/OPBj?ﬁ<>B#[=ﬁ\PAP] ?RII/OPB B ]PYﬁB =# I/OPBih ?ﬁDWDWB=#^MI/?PHWDWH_Iﬁ+=ﬁ<BﬃhﬁB A-\PAPMI/?PDWBRb
ﬁ A;<>MI
MI/B f I/=QM>\PU O5HWAJhﬁB MI/HWYﬁ?RI/HW=ﬁAPMOP?ﬁM <>B U B AJI/DﬀGB B A ]P=ﬁAPB HWA? =ﬁ\PDW=MBVU H_I/?RI/HW=ﬁA BVfGB <Bﬂ
H5B AJIg=ﬁA
STS




<&b *I/OPB <TBVfGB <>H5B AJI/M =ﬁAi\PAPMI/?PDWB^APB \VI/<>=ﬁA <>HWU OiE &
	

HWM>=RI/=ﬁAPB MQ?ﬁ<>B fPDW?ﬁAPAPB ]
?RI I/OPB^[Fg\PM>HWAPYeI/OPBVCF
 
#[?ﬁU HWDWH_IﬁCHWA-U =MPHWAP?RI/HW=ﬁA  H_I/O-I/OPB
APB DﬀFHWAPMI/?ﬁDWDWB ]ﬀﬂﬁ M>BﬃI/\Pflb ﬁAP=RI/OPB < kfP<>=5HWM>HWAPY-?ﬁAP]  \PU O B ?ﬁM>HWB < ?ﬁU U B M>M>HPDWB
A \PU DWB \PMHWM
S
P
$Q< k  OPHWU O




\PM>HWAPY+I/OPBAPB Dﬀ ?ﬁU U B M>M>HPDWB
Yﬁ?ﬁM I/?ﬁ<>YﬁBﬃI/M ?RID^ I/\VI>I/Yﬁ?ﬁ<Ik;?ﬁM'B DWDN?ﬁM
$#[\PM>HW=ﬁABﬃh ?ﬁfG=ﬁ<>?RI/HW=ﬁA+<>B ?ﬁUﬃI/HW=ﬁAPM b
 
ﬂﬁG=ﬁM>=ﬁACDWH)RBQBVU H_I/?RI/HW=ﬁAPM OP?hﬁB+GB B AjHW]PB AJI/HﬀA;B ]jHWA"9aﬂ < ?ﬁAP]C?ﬁDWM>=5M>B B79I/=;GBiBﬃh H!ﬂ
]PB AJIQHWA DW='ﬂDﬀ HWAPY;.
1
MI/?RI/B M HWA 9QP&Sj=PbK H_I/OjI/OPB YﬁH_hﬁB A BVfGB <>H5B AJI/?ﬁD ]P?RI/?"P?ﬁM>B+#[=ﬁ<
M>\PU O BVU H_I/?RI/HW=ﬁAPM kRU ?ﬁDWU \PDW?RI/HW=ﬁAPM  H_I/OPHWAiI/OPBﬃ!  
ﬂﬁF
 
S%ﬂ8=ﬁ\PDW]MGBdH5fG=ﬁ<I/?ﬁAJI #[=ﬁ<? M8 MBﬂ
I/B75?RI/HWU ?ﬁDﬁHWAJhﬁB MI/HWYﬁ?RI/HW=ﬁAQ=#  
ﬂﬁG=ﬁM>=ﬁAQ?ﬁ] 5H! I/\P<>B MNI/=gM8[;5BﬃI/<>HWU ?ﬁAP]5H!VB ][ﬂM8[;5BﬃI/<>HWU
MI/?RI/B M b ﬁDWM>=65=ﬁ<>B <>B ?ﬁDWHWMI/HWU'5HWU <>=ﬁM>U =ﬁfPHWUdU ?ﬁDWU \PDW?RI/HW=ﬁAPM #[=ﬁ<9aﬂ <?ﬁ<>B ]PB M>HW<>?PDWBRk @
EQPRE
\PMBﬂ
HWAPY Sj=ﬁAJI/B ?ﬁ<>DW=6^ OPB DWD Sj= ]PB D :S ^VSU< 5BﬃI/OP= ]PM?ﬁMHWA  ^ OPH SS

kR=ﬁ< I/OPB,E \P?ﬁM>HWfP?ﬁ<I/HWU DWBﬂ








c OPB=RI/OPB < DWH5H_I=#U =ﬁDWDWB UﬃI/H_h H_IﬁX?ﬁ]P]P<>B M>M>B ]jHWA+I/OPHWM'=ﬁ<()eHWMdI/OPB<>=RI/?RI/HW=ﬁAP?ﬁDGDWH5H_I5 H_I/O
?DW?ﬁ<>YﬁB A \ MGB < =# h ?ﬁDWB APU B A \PU DWB =ﬁAPM b =ﬁ<><>B M>fG=ﬁAP]PHWAPYA \PU DWB H  H_I/O5?ﬃVHW?ﬁDWDﬀiM8[;5BﬃI/<>HWU
]PB#[=ﬁ<(5?RI/HW=ﬁA ?ﬁ<>BY#[=ﬁ\PAP] ?RI"5HW][ﬂM>OPB DWDb &^<>=RI/=ﬁA APB \VI/<>=ﬁA M8[;5BﬃI/<>HWUjMI/?RI/B M+?RIeDW=
B APB <>YﬁHWB M #[=ﬁ<( I/OPB+<>=RI/?RI/HW=ﬁAP?ﬁD5P?ﬁAP]PM k @
EQPRE
I/OPB%J & S Yﬁ<>=ﬁ\PAP]FMI/?RI/B$P?ﬁAP]F=ﬁ< I/OPB




OPB ?ﬁ]X=#l?MJ & -=P?ﬁAP]X?RIBVU H_I/?RI/HW=ﬁA B APB <>YﬁHWB M`=#N?G=ﬁ\VI,iSjB& b

<>= ?iYﬁB =5BﬃI/<>HWU ?ﬁD





U OP?ﬁ<>?ﬁUﬃI/B <Q=#^I/OPB I/<>?ﬁAPM>H_I/HW=ﬁAlb6FA-U =ﬁAJI/<>?ﬁ]PHWUﬃI/HW=ﬁAlk  H_I/OPHWA I/OPB
F
 
S%ﬂ8 k I/OPHWMTI/<>?ﬁAPM>H_I/HW=ﬁAiHWM ?ﬁDWDW=B ] H_I/O ?ﬁA S3-dMI/<>B APYRI/O =#;?G=ﬁ\VI,-S =#PI/OPBYﬁ<>=ﬁ\PAP]
MI/?RI/BQI/<>?ﬁAPM>H_I/HW=ﬁA+MI/<>B APYRI/Olb
ﬁ fP\2J J DWBdOP?ﬁ]GB B ADWB#(I #[=ﬁ< ZQP'D#[<>="fP<>Bﬃh HW=ﬁ\PMBVfGB <>H5B AJI/M bK^ I/<>=ﬁAPYM-
1
BVU H_I/?ﬃﬂ
I/HW=ﬁAPM,B <>BHW]PB AJI/HﬀA;B ]?ﬁ<>=ﬁ\PAP] SjB& kPI/OPBN?eI/OPB?B <>BBVfGB UﬃI/B ] #[=ﬁ<d? <>=RI/?RI/HW=ﬁAP?ﬁD
A \PU DWB \PM b1$Oﬂ I/<>?ﬁAPM>H_I/HW=ﬁAPMKB <>B =PM>B <hﬁB ]% H_I/OXB APB <>YﬁHWB M k1 OPHWU O$5?ﬁ]PBgI/OPB7 U ?ﬁAP]PHW]P?RI/B M
#[=ﬁ< I/<>?ﬁAPM>H_I/HW=ﬁAPM+#[<>= =ﬁAPB=#gI/OPBM>U HWM>M>=ﬁ<>M;5= ]PB
 
M5?ﬁHWA #[<>?ﬁY5B AJI/M I/=-I/OPB $OﬂﬁP?ﬁAP]lk
P\VII/OPBUB <>BXfPDW?ﬁU B ]
?ﬁMi]PB U ? M#[<>= ?CDW=B <Dﬀ HWAPYMI/?RI/BRb5c OPHWMfP\2J J DWB5OP?ﬁMXGB B A




]P?RI/? I/?)RB A ?RIK^ I/\VI>I/Yﬁ?ﬁ<I H_IOP?ﬁMGB B AfP<>=hﬁB A
I/OP?RI $Oﬂ<>? M kNHWAPU DW\P]PHWAPYXI/OPB fP<>Bﬃh HW=ﬁ\PM>Dﬀ =PM>B <hﬁB ]lkTMI/B7 #[<>= ]PHWfG=ﬁDWB MI/?RI/B MQ?G=hﬁBV







BVfGB <>H5B AJI\PM>HWAPY+?+fG=ﬁDW?ﬁ<>HKJ B ] $OﬂﬁGB ? ?RI3' \ )RB gAPH_hﬁB <>M>H_IﬁY?ﬁM
fGB <8#[=ﬁ<(5B ]eHWAe=ﬁ<>]PB <`I/= M>OP= I/OPB BVHWMI/B APU BQ=#T? fP<>Bﬃh HW=ﬁ\PM>DﬀX?ﬁM>M>\ 5B ]+MI/?RI/BN
X]PHW<>B UﬃI
=PM>B <h ?RI/HW=ﬁAlbgc OPHWM?ﬁH ?ﬁM ?ﬁU OPHWBﬃhﬁB ]lkl?ﬁAP]lk  OPHWDWBiM>fPHWA4H!& - U ?ﬁAPAP=RI6GB BVU DW\P]PB ]lk
I/OPB APB Dﬀ5HW]PB AJI/HﬀA;B ]eMI/?RI/B HWM`fP<>=P?PDﬀ5?V
1








<>= I/OPHWM =PM>B <h ?RI/HW=ﬁAI/OPB6ﬁBﬃI\PAPU B <I/?ﬁHWACI/<>?ﬁAPM>H_I/HW=ﬁA+MI/<>B APYRI/Oj=#I/OPB
M>U HWM>M>=ﬁ<>M=5= ]PBD#[<>?ﬁY5B AJI I/= I/OPB+
1
Z
MI/?RI/B?RI I/OPBM>?5BB APB <>Y+OP?ﬁMGB B A%A1VB ]lk;I/= =Pb

<>= G=RI/O BVfGB <>H5B AJI/MH_IOP?ﬁMGB B AU =ﬁAPU DW\P]PB ] I/OP?RII/OPBdM>U HWM>M>=ﬁ<>M5= ]PB5#[<>?ﬁY5B AJI
?RI1-PL")RB& ]PB U ? MI/=eI/OPB $OﬂﬁP?ﬁAP]
OPB ?ﬁ]lkN?ﬁfPfP<>=h HWAPY+I/OPBfP<>B ]PHWUﬃI/HW=ﬁAPMQ=#^I/OPBVF
 
S%ﬂ
 b c OPBL<>B DW?RI/H_hﬁB-I/<>?ﬁAPM>H_I/HW=ﬁA MI/<>B APYRI/O #[<>= I/OPB =ﬁ<8 ?ﬁAP] BVfGB <>H5B AJIj?ﬁ<>B
HWA Yﬁ= = ]
?ﬁYﬁ<>B B75B AJIb
EgBﬃhﬁB <I/OPB DWB M>M kGM>fPHWA[ﬂ 0;HWfeU =ﬁAJI/<>HP\VI/HW=ﬁAPMdI/= I/OPBN?hﬁBX#[\PAPUﬃI/HW=ﬁAPM =#5-
1
MI/?RI/B M HWA+I/OPB
 SjB& <>B YﬁHW=ﬁAVB <>B ]PHWM>U \PM>M>B ]$
XfP<>Bﬃh HW=ﬁ\PM?ﬁ\VI/OP=ﬁ<>M bK OPHWDWB I/OPB?ﬁYﬁ<>B B75B AJI5 H_I/OXI/OPB








MI/?RI/BMI/B75M'#[<>= ? M>fPHWAfP?ﬁ<I HWAH_I/M,?hﬁB
#[\PAPUﬃI/HW=ﬁAlb gA1#[=ﬁ<I/\PAP?RI/B DﬀﬁkTHWA
I/OPBY:!I L!< BVfGB <>H5B AJI+









B APB <>Y<>B M>=ﬁDW\VI/HW=ﬁAN?ﬁM ?G=ﬁ\VI *S)RB& ?ﬁAP]I/OPB#[<>?ﬁY5B AJI/MT=# I/OPB^M>U HWM>M>=ﬁ<>M 5= ]PB ?ﬁ<>=ﬁ\PAP]





#[\PAPUﬃI/HW=ﬁAPM =# I/OPB M>HWAPYﬁDWB?-
1
MI/?RI/B MQHWAjI/OP?RIQ<>B YﬁHW=ﬁA H_IgI/OPB <>B#[=ﬁ<>BM=ﬁ\PDW]\GB HWAJI/B <>B MI/HWAPY
I/=C<>B fGB ?RIiI/OPHWMiBVfGB <>H5B AJIi\PM>HWAPYjfP?ﬁ<I/HWU DWB]PBﬃI/B UﬃI/=ﬁ<>M H_I/O B APOP?ﬁAPU B ] <>B M>=ﬁDW\VI/HW=ﬁAlkT?ﬁM
I/OPB+?ﬁ<>B?h ?ﬁHWDW?PDWBgI/= ]P?ﬁk@
EQPRE
kP?RI I/OPB =TS "S\PAPU OPB Alb
ﬁM #[\VI/\P<>B+fP<>= ">B UﬃI/M I/OPB+]PB U ? =# I/OPB+M>U HWM>M>=ﬁ<>M5= ]PBXI/= I/OPB $OﬂﬁP?ﬁAP]FM>OP=ﬁ\PDW]IGB
M>B ?ﬁ<>U OPB ]"#[=ﬁ<`HWAX=RI/OPB <KB DWD!ﬂ]PB#[=ﬁ<(5B ]5A \PU DWB Hb^* APBU ?ﬁAP]PHW]P?RI/BgHWM
Za
'D OPB <>BI/OPB S3-
BVU H_I/?RI/HW=ﬁAMI/<>B APYRI/OjHWM DW?ﬁ<>YﬁB?ﬁAP]CAP=5M>fPHWAjU =ﬁAJI/?5HWAP?RI/HW=ﬁAPMI/= I/OPBiM>U HWM>M>=ﬁ<>M=5= ]PB?ﬁ<>B
?ﬁM>M>\ 5B ]lb^Sj=ﬁMIB5U HWB AJI5=ﬁ\PDW];GB I/OPBgBVU H_I/?RI/HW=ﬁA =# I/OPBgMI/<>=ﬁAPYﬁB MI5#[<>?ﬁY5B AJI/M^=# I/OPB
M>U HWM>M>=ﬁ<>MV5= ]PBXM>B fP?ﬁ<>?RI/B Dﬀ \PM>HWAPY-?
fG=ﬁDW?ﬁ<>HKJ B ]$OﬂﬁGB ? ?RI =FH$^Gbc OPBfP<>B M>B AJIV=ﬁ<()
M>OP=B ]+I/OP?RI5B ?);P<>?ﬁAPU OPB M HWA I/OPB B APB <>Y5<>B YﬁHW=ﬁA$ﬂ8 b
	
SjB& ?ﬁ<>BB ?ﬁM>HWDﬀV5HWM>M>B ]X]P\PB
I/=gI/OPB`OPHWYﬁO =5fVI/=ﬁAP?ﬁU ) Yﬁ<>=ﬁ\PAP]lbFA =ﬁ<>]PB < I/= GBM>B APM>H_I/H_hﬁB^I/=M>\PU O]PB U ?P<>?ﬁAPU OPB M k
I/OPB BVfGB <>H5B AJI/?ﬁDM>BﬃI/\Pf-OP?ﬁMI/="GB B APOP?ﬁAPU B ]lbc OPHWM U ?ﬁAUGB ]P=ﬁAPBM
 ?efP<>=ﬁfGB < DWB ?ﬁ]




























Hk  OPHWU O HWM <>B M>fG=ﬁAPM>HPDWB?#[=ﬁ< ? DW?ﬁ<>YﬁBXfP?ﬁ<I =# I/OPB =5fVI/=ﬁA P?ﬁU ) Yﬁ<>=ﬁ\PAP]lbTFA
?ﬁ]P]PH_I/HW=ﬁAlk =5fVI/=ﬁAM>OPHWB DW]PM M>OP=ﬁ\PDW] GB\PM>B ]%#[=ﬁ<P?ﬁU ) Yﬁ<>=ﬁ\PAP]jM>\PfPfP<>B M>M>HW=ﬁAlb




ﬂ]PB U ?ﬁbic OPHWM HWM fG=ﬁM>M>HPDWB#[=ﬁ< M>=5B A \PU DWB HHWA I/OPB <>?ﬁ<>BB ?ﬁ<I/O-<>B YﬁHW=ﬁAlb

H!ﬂ
AP?ﬁDWDﬀﬁkRH_I =ﬁ\PDW]GBd]PB M>HW<>?PDWB`I/= YﬁBﬃI5=ﬁ<>BHWA1#[=ﬁ<(5?RI/HW=ﬁAi=ﬁA M>OP=ﬁ<I DWH_hﬁB ]V
1
MI/?RI/B M HWA I/OPB
 SjB& B APB <>Y+<>B YﬁHW=ﬁAlkV?ﬁM =ﬁAPBQU ?ﬁAP]PHW]P?RI/BQOP?ﬁMGB B A$#[=ﬁ\PAP]HWA
ZQP
'Dﬁb5^ \PU OCMI/?RI/B M ?ﬁ<>B
U ?ﬁAP]PHW]P?RI/B M=#[=ﬁ<#[<>?ﬁY5B AJI/Mg=#I/OPB+5H!VB ][ﬂM8[;5BﬃI/<>HWUQ=ﬁAPBﬂfPOP=ﬁAP=ﬁAU
1
MI/?RI/B BVfGB UﬃI/B ]
HWACI/OP?RI B APB <>Y <>B YﬁHW=ﬁAlb
gM>HWAPYeBVU DW\PM>H_hﬁB DﬀjHWM>=RI/=ﬁfPHWU ?ﬁDWDﬀeB AP<>HWU OPB ] I/?ﬁ<>YﬁBﬃIN5?RI/B <>HW?ﬁDN?RI
=FH$^M=ﬁ\PDW]5?ﬁDWDW= ?XA;<( ?ﬁM>M>HWYﬁA 5B AJI^=#l?DWHﬀ#[BﬃI/H5B?ﬁAP]lk fPDW?ﬁU HWAPYQ=ﬁAPB ]PBﬃI/B UﬃI/=ﬁ<`?RIK.
	
4
HWA+I/OPBOP=ﬁ<>HKJ =ﬁAJI/?ﬁDlfPDW?ﬁAPBRkP=#? M>fPHWAI/=I/OPBU ?ﬁAP]PHW]P?RI/BQHWAjZQP'Dﬁb
    
 

	 ﬃ   	  	
     

ﬃ ! 
' H  B <>B AJIQIﬁ fGB M=#fP?ﬁ<>?5BﬃI/<>HKJ ?RI/HW=ﬁAPM=#`I/OPBN "

g?5HWD_I/=ﬁAPHW?ﬁA B <>B5\PM>B ] HWA-I/OPB
DW?ﬁMI ﬁB ?ﬁ<>M b^ =5BU =ﬁA1#[\PM>HW=ﬁA?ﬁfPfGB ?ﬁ<>B ]6 OPB Ai=ﬁAPBI/<>HWB ] I/= I/<>?ﬁAPM8#[=ﬁ<( =ﬁAPB fP?ﬁ<>?5BﬃI/<>HKJ ?ﬃﬂ
I/HW=ﬁALHWAJI/=j?ﬁAP=RI/OPB < HWA =ﬁ<>]PB <iI/= U =ﬁAJhﬁB <IU B <I/?ﬁHWALfP?ﬁ<>?5BﬃI/B < M>BﬃI/M b N^M>fGB U HW?ﬁDWDﬀ
HWA I/OPB
U =ﬁAJI/B I =#NI/OPB HWAJhﬁB MI/HWYﬁ?RI/HW=ﬁAe=#TfPOP?ﬁM>B I/<>?ﬁAPM>H_I/HW=ﬁAPM`HWAeA \PU DWB H 5?ﬁA
XfP?ﬁ<>?5BﬃI/<>HKJ ?RI/HW=ﬁAPM

















I : ﬁ bﬀ-2<
ﬀﬂﬁﬂﬃ




















































 : ﬁ b
	
<
c OPB6#[=ﬁ<( : ﬁ bﬀ-2<HWMI/OPB=ﬁAPBQ=ﬁ<>HWYﬁHWAP?ﬁDWDﬀ\PM>B ]CHWA  F? ﬁ  L

k;\PM>HWAPY? fG=ﬁM>H_I/H_hﬁB fP?ﬁ<>?5BﬃI/B < k
&
L
k #[=ﬁ<I/OPB?E \P?ﬁ]P<>\PfG=ﬁDWBXHWAJI/B <>?ﬁUﬃI/HW=ﬁAlb =N?RI/B < =ﬁAL=#(I/B A ?jAPB Yﬁ?RI/H_hﬁB:&3?ﬁM \PM>B ] ?ﬁM HWA
fP?ﬁ<>?5BﬃI/<>HKJ ?RI/HW=ﬁAI: ﬁ bR<&bFA4G=RI/O
fP?ﬁ<>?5BﬃI/<>HKJ ?RI/HW=ﬁAPM k;& L ?ﬁAP]3&lkT<>B M>fGB UﬃI/H_hﬁB Dﬀﬁk M>BﬃIi?ﬁA




&lk<>B M>fGB UﬃI/H_hﬁB Dﬀﬁk ?ﬁ<>BI/OPBjMI/<>\PUﬃI/\P<>?ﬁDgfP?ﬃﬂ
<>?5BﬃI/B <>M]PHWMI/HWAPYﬁ\PHWM>OPHWAPYXh HP<>?RI/HW=ﬁAP?ﬁD?ﬁAP]
<>=RI/?RI/HW=ﬁAP?ﬁDMI/<>\PUﬃI/\P<>B M k">\PMI DWH)RB!2Pk
4
?ﬁAP]
6FHWA I/OPB-=RI/OPB <+fP?ﬁ<>?5BﬃI/<>HKJ ?RI/HW=ﬁAPM b c OPB
fP?ﬁ<>?5BﬃI/B <=< HWMe?ﬁDﬀ? M+I/OPB-M>?5B-HWA ?ﬁDWD






bgc OPB fP?ﬁ<>?5BﬃI/<>HKJ ?ﬃﬂ
I/HW=ﬁAPM=: ﬁ b 
<  : ﬁ b
	
<B <>B\PM>B ]e<>B U B AJI/Dﬀ5HWA I/OPB]PHWM>U \PM>M>HW=ﬁAX=#lM>OP?ﬁfGBfPOP?ﬁM>BgI/<>?ﬁAPM>H_I/HW=ﬁAPM k




































kR?ﬁAP]6 HWM  S I/-

HWA ?ﬁDWDJI/OP<>B BdU ?ﬁM>B M k OPHWDWB`=ﬁAPDﬀHWA": ﬁ b .0<T?ﬁAP]$: ﬁ b
	
<TAP=







kHWA  F? ﬂ *








I/?)RB M HWAJI/=C?ﬁU U =ﬁ\PAJIiI/OPB 2$ﬂ]PB fGB AP]PB APU Be=#I/OPB;E \P?ﬁ]P<>\PfG=ﬁDWB HWAJI/B <>?ﬁUﬃI/HW=ﬁAlbXc O \PM kfP?ﬃﬂ
<>?5BﬃI/B <>M^]PB <>H_hﬁB ]V#[=ﬁ< M>fGB U HW?ﬁD;MI/<>\PUﬃI/\P<>?ﬁD;<>B YﬁHW=ﬁAPM =#GI/OPB5= ]PB DPM>fP?ﬁU Bg?ﬁ<>BE \PH_I/B MI/?PDWB





k0 OPHWDWB I/OPBD5?ﬁHWA ]PH  B <>B APU B=#G=RI/O5AP=RI/?RI/HW=ﬁAPM`HWM I/OPBfP?ﬁ<>?5BﬃI/B < OPB <>BI/OPB
<>=RI/?RI/HW=ﬁAP?ﬁD!ﬂ h HP<>?RI/HW=ﬁAP?ﬁDJM>OP?ﬁfGBgfPOP?ﬁM>B I/<>?ﬁAPM>H_I/HW=ﬁA = U U \P<>M k
 OPHWU OXHWM ?RI86 &@S
	






b c ?PDWB	ﬁ bﬀ- YﬁH_hﬁB M#[=ﬁ<( \PDW?ﬁM#[=ﬁ< I/OPBiU =ﬁAJhﬁB <>M>HW=ﬁAPMNGBﬃIﬁB B A-fP?ﬁ<>?5BﬃI/<>HKJ ?ﬃﬂ


























































































































































































































































































































































































































































































































































     
 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































6 32B	 + 























































































































	fu E)ol;O6 -	:1EBl;<ﬁ 
	6q





















5l´]<KWYMh=:E8OM'JA@: wgti5c=:E85GsQNi: 5<KJ=%5YJ: w9M!=:³;sQWYMﬀ³35c=<: <%´+M#=T,
Uﬂﬁﬁ
T,ﬃ ³"!

















 FEol; ol;zQﬂﬃED,E%F ;ﬀ0Jf




















































	E#zo;6 2B	 + 

E3 
C?0ﬀ; F ;J`X	 gDﬂ1E
&






























Ca0ﬀ; ? ;HG ,	ﬁ
I









































K³gJt : w9M=Ni=:MH71³;: 5P=
<LKW<#M»LEWGN5YJA@ ti5l´]<KWYM|7?<t;M#= 5YJ : w9M|=:³;sQWYM MrnM'J2LEMrnM'J

K5c=<: <%´+M#=






























































































;½@:ﬂ	,E l; - 
	ﬂﬁﬁ:1E
0ﬀ; ²;X`X	ﬁ

























































































































fu E` ;-K6E$bB;2B4+@B	 









































































































6 92B	 + 

EI<; b] 








































































ﬁ5::1EV;U2B	:ﬂ,Ezo;G6 2B	 + 

Eﬂ<;b] 



















































ﬁ5::1EV;U2B	:ﬂ,Ezo;G6 2B	 + 

Eﬂ<;b] 







































































































fu En` ; -K6E
=
; G 4F;Pzo 
	6ﬀE bB;L2B4+@B	 
ﬁEF{V;L2B	fu E V;L2B	:ﬂ,E















4VM'³;8APJw K <8h: w9M?BWYMP:E85P
























fu En` ; -K6E
=
; G 4F;Pzo 
	6ﬀE bB;L2B4+@B	 
ﬁEF{V;L2B	fu E V;L2B	:ﬂ,E
zo;ﬀ6 D2B	 + 

E V; $	Vb]	 
 
	,EF-; .Qfu,	5NEA<;Fb] 


















; G 4F;Pzo 
	6ﬀEK@
;L2B5MJﬁﬁﬂ 
fu En` ; -K6E bB;L2B4+@B	 
ﬁEF{V;L2B	fu E V;L2B	:ﬂ,E







































































































:Mm<gL«´wA<KJA<KJ =:³;:M#=5YJ : w9M =sMH7?5cL
71³>@L5P£MrnM'J2LEMrnM'J": 5YJv5c=<: <%´+M#=











E5V;/2B	:ﬂ,EPzo; 6 v2B	 + 

E<;Gb] 


































































































ol; ol;zQﬂﬃED,E 0ﬀ; ? ;HG ,	ﬁELol; ;L2  
	E
&














 l0ﬀ==$Z,rr+ZX_)EJZ,rr\*E+.50;2wB } *=I5Z,\  I
\}*=I \
]
? :Ck0Jﬂ	 +ﬂﬃv]_)EF= |,r*;
<>=
;2? 	 

































































.50;2wB } *=I r+ZKI'^R+|q^qI'^
]










































 l0ﬀ==$Z,rr+ZX_)EJZ,rr\*E+.50;2wB } *=I5Z,\  I
\}*=I \
]
? :Ck0Jﬂ	 +ﬂﬃv]_)E r}*;
<
<; b] 








































































































































































; ` ;ﬀ? 	ﬂ:1E
0ﬀ; ? ;HG ,	ﬁE] 
C¤F ; -;KFk .Q::ﬂﬁ5	"E







































































































































































Ca0ﬀ; ? ;HG ,	ﬁE
&













.50;2wB } *=I r+ZKI'^R+|q^qI'^
]


















































































ﬁ	 FE ; -K6q	5NEX` ; -K6E2²; I V;IoO	«D9ﬀ	
E
.S;9@9












































































































































































































































































































	ﬂﬁﬁ:1EQ{V;2B	fu E V;2B	:ﬂ,EP-; .Qfu,	5NEUol;½Fkﬁ	E]pj;½BOCFE]ol; ol;zQﬂﬃED,E
zo; 6 2B	 + 

E<;Fb] 






















0ﬀ; ? ;HG ,	ﬁE
(

















Eﬀ.50;2wB } *=I r+ZKI \%8,r  If=
]

















































































ﬁ5::1E zo;N6 %2B	 + 

E<;Kb] 




























































































































zo;,6 2B	 + 








































































































E V; $	ab]	 
 
	,E-; .Qfu,	5NE<;Lb] 
ﬁ	 FE;9-K6q	5NE²; I V;
oO	«D9ﬀ	
E .S;2@9
























































²; bB;Bﬁ5	 " 
C¤Bl;
=








²; bB;Bﬁ5	 " 
C¤Bl;
=


















































` ; zo;/.Qu3ﬁ5  
C!@
;]`FM3u,	 























ﬁ	 FEF{V;I2B	fu E6zo; 6 2B	 + 


























































	E;pj; bB;J`Xﬂﬁ	ﬁu3ﬂﬃMEHF ; -;HFk .Q::ﬂﬁ5	"EF ;





























































































































































































































; ol; V;K@	 









































	,E .S; V; -ﬂf34




































































































































































































































ﬁ FE-.S; F ; 2B4









KME%F ; -;gFk .Q::ﬂﬁ5	"E3 








; -	::ﬃME 'p< ﬂ +JC
4














































































ﬁ5::1E V;i2B	:ﬂ,EAzo;X6 2B	 + 

E/<;ob] 
ﬁ	 FE½²; I V;ioO	«D9ﬀ	
E
@


























































	,E²; F ;O03	n	 FE< 































































"E9F ; .Qﬂ FE2@








03@Sﬂﬃ! NEPzo;½?  

EﬀG;½? 4FE4²;[0ﬀ;PB 
 FE<; ²;]oOK@B	::1EµBl;+²;+²S9ﬀ	ﬁ FE
.S;*<;B0Jf
	ﬂ9ﬀ	EwF ;G0J












































































































;2Fk,! EF-; .Qfu,	5NE9F ;2²Sﬂﬃ 
	EF.f;2B4
ﬁu,	,EP{V;62B	fu E l; - 
	ﬂ10:1E6ol;
Fkﬁ	Eol;ol;.zQﬂﬃED,Ekpj;S0Jf










































;[ZJ;ﬃ=; r*EzQ:,!#VEB+MJﬂ+S=K}   I





































































































































ﬁu,	,EQ{V;A2B	fu E/zo;X6 2B	 + 

E9? ; -	ﬂ	EQ²; I V;
oO	«D9ﬀ	


































E zo;N6 m2B	 + 













































































































KM	6ﬀE;B03@Sﬂﬃ! NE}F ; ? ;Up<
	CFE@
; ol; -	::	ME0ﬀ;[{V;4BO	:ﬁ FE²;
zQﬂE ;n0J9ﬀ4
























































































































































































































V; V;H?  
	S 



































EJzo;q6 2B	 + 















; ? 	 



























	Ezo;]6 92B	 + 
















EJzo;6 %2B	 + 

E ;[{V; n	::1E²; V;EoO	ﬂ:1EJol; ol;EzQﬂﬃED,E l; .S; zo;
2B	
































































































































































































































































F ; ? ;p<
	CFEP 






























zQ,! ;5$;Pol; ;2  











































































































































































































































































































































































 +N;$ﬂ	j6 7ﬂO6	:	,	 $ﬂﬁﬁ	5,ﬂ aﬂﬁ5$6 zQ,!#	ﬁﬁ$;%zo;
6 32B	 + 
9ﬀ		4*S@BC
	 F;



























	  n	 +:ﬂf34
 
j69ﬀ		ﬂﬃ	N;













5ﬁ5  : 




















































ﬂﬃ6	ﬁﬂﬃ,£D4 : ! 4

C
ﬁ<034
C
ﬂ	 *!#fhzQ+MJﬁﬂu

$ﬂ
:
=Kr

=K}},^ $ﬂ
:I
=

 4*!#4
 

r\

=K}}R Fkﬂ 
ﬂﬃ!#ﬁf34
 
A .' 
ﬁ5ﬂﬃ4*! 4
-	 

+MJﬁﬂu
r+Z

=K}}} :	ED	- 4
 
C
:ﬂf
	 $ﬂ
:
 4*!#4
 

r,^

Z,rrr $ﬂ
: ﬂ b]fDzQ+MJﬁﬂuaﬂﬃ$C
	
	  f0J4
f
	
 
fm	ﬂﬁf+ﬁ5MJ	ﬂﬁf
	 n4
ﬁ5 
C
	 ﬂ C
	 
-	 
	 k%	FkR4
 
C ﬃ'&)0J	j4
 
C O +	ﬁ4
f34
 
YC
	$	)I
!#,ﬂ ?ﬁf+@B			-	 
	 
r,^

Z,rrr
 
zQ,ﬂ 
ﬁﬁ54
C
ﬂ4

	
"
6
 &g$

6
"7( &
8
 #$H$
6
(
3 8
$'&% &%*,&*"
6
"
8
.,$g 
:/6
"
8
 

6
"%$g &(Q&ﬀ;*ﬁﬂ
-

8ﬃ
! 
"$#%#
R
 
'&
%(
%% )+*-,/./021!*-3547698/0
o
35:<;=47>+?7@';A*
! 
%(
%%
 


%(
%%
?
354747021/47698/@';A*-:535698/0
o
35:<;=47>+?7@';A*

# %(
%%
 
?
354747021/47698/@';A*-:535698/02?
F
3<*-@%?7BC023<*-02?
